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Abstract: Water and nutrients are limiting production factors in all arid and semi arid regions including
Egypt. Therefore, this study aimed to investigate the interactive effects of different irrigation levels and
compost applications on the growth, yield and quality of green bean crop. Green bean seeds (Phaseolus
vulgaris, L.)cv. Pulista were sown in the twosuccessive season of 2003-2004 and 2004-2005. Three irrigation
levels (80, 100 and 120% of class A-pan) combined with three application rates of compost (10, 15
and 20 m3/fed.) were applied. Vegetative growth parameters as well as yield components responded positively
to the individual effects of increasing the irrigationlevel and compost application rates. Mineral contents in the
leaves showed also similar positive response to the increment in both factors. Plant height, number of leaves
as wellas freshand dry weightsof theplant showed positive correlations with both factors. Total weightof pod
yield and quality also responded positively to both factors. The interactive effect of both factors seemed to be
cumulative. It could be concluded that application of compost to newly reclaimed lands improves growth of
green bean and enhances different applied water regimes.
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INTRODUCTION

Egypt has a significant comparative advantage in the
production of horticultural commodities including green
bean for export, based on its geographic position and
agro-climatic conditions. With a share of 25% in the
Dutch market, Egypt is the main exporter of green beans
to the Netherlands just ahead of Spain (24%) and Kenya
(20%)[1]. For these reasons expansion in green bean
cultivation has exhibited impressive growth in Egypt
during the past several years with a cultivated area of
2.4% of total world cultivated area of bean, producing
about 3.5% of total world production of bean[2]. The
Egyptian annual growth in the production of green beans
represents half of the world's total growth[3].

The expansion of green bean cultivation is taking
place in the new reclaimed lands in Egypt which is
characterized as an arid land with very limited sources of
irrigationwater. Therefore growers have to adopt modern
techniquesofcultivationto improve Water Use Efficiency
(WUE). Water management is a critical aspect of bean
production. Plant growth stages are modified by the
moisture availability patterns during the growth cycle[4].
Low irrigation level reduced total leaf area/plant and
number of leaves[5-9] and induced reduction in crop
growth[10]. Chlorophyll content in common bean is also
reduced due to degradation under drought conditions and
is directly related to biomass accumulation[11]. Singh[12]

found that vegetative growth (number of leaves, leaf area

and leaf dry weight) increased linearly with irrigation
amounts from 0 to 100% Epan.

Water content in the root zone is affected not only by
the irrigation level but also, among other factors, by
organic matter content in the soil. The majority of the
Egyptian reclaimed lands are characterized by low
organic matter content and infertility. The observed
practice of removing all crops residues from fields prior
to planting or sowing of the following crop serves to
furtherdeplete the soil of nutrients and organic matter.To
maintainsoil fertility, the nutrients removedwith the crop
at harvest must be returned in the form of inorganic
fertilizer, manure or compost. The use of adequate
amounts of chemical fertilizer to compensate for the loss
of nutrients and to improve the crop yield, however, is
usually too costly for small-scale farmers.The application
of compost has been shown to positively affect the
structure, porosity, water holding capacity, nutrient
content and organic matter content of the soil[13-15] and to
improve plant growth, crop yield and quality[14-16].

Therefore the aim of this study is to investigate the
interactive effect of irrigation level and compost
application rates on the growth and yield of green bean
plants.

MATERIALS AND METHODS

Two field experiments were carried out during the
two successive seasons of 2003-2004 and 2004-2005 in
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Table 1: Soil analysis of exprimental soil in Taba Farm.
Mechanical analysis Texture PH EC CaCo3 O.M%
------------------------------------------------------------------- dS/m %
Sand % Silt % Clay %
90 5 5 Sandy 8.20 1.50 5.50 0.82
Cations (meq/L) Anions( meq/L)
------------------------------------------------------------------------------------- --------------------------------------------------------------------
N P Ca++ Mg++ Na++ K+ CO3

- HCO3
+ CL- SO4

-

Traces 0.443 2.65 2.40 4.35 18.50 Zero 3.85 53.00 55.65

Taba farm, Monofia governrate to investigate the
interactive effects of irrigation level and compost
application rates on the growth and yield of green bean
plants (Phaseolus vulgaris, L.) cv. Pulista under the new
reclaimed land conditions. The soil analysis and
properties are illustrated in Table (1).

The experiment included 9 treatments, which were
the combination between three levels of irrigation (80,
100and 120% of Class A-pan) and three rates of compost
(10, 15 and 20 m3/feddan) (feddan = 0.42 ha).

Nine water flow meters were used in a drip irrigation
system to monitor the amount of irrigation water added to
each experimental plot. Each main plot consisted of
thirteen rows (each row was 10 m long). Compost was
distributed randomizly in the sub main plots. During soil
preparation, compost was added in the middle of the row
at depth of 30.0 cm in the determined rate according to
each treatment. One irrigation cycle was given 48 hours
before seed sowing. Irrigation was then carried out when
needed until plants reached the first two true leaves stage
where irrigation treatments were applied.

Seeds of snap bean varieties were sown on the first
week of November in the two seasons in 5 cm deep halls
on both sides of the row at 7 cm apart. Each row was
covered with lowtunnel thatconsisted of semi-cylindrical
profile made of galvanized wire no. 8, 60 cm height
covered with 60-micron clear polyethylene film.
Agricultural practices other than the experimental
treatments were carried out as recommended by the
Ministry of Agriculture in Egypt.

Split plot design with three replicates was followed.
Main plots were devoted for irrigation treatments
whereas; the levels of compost were assigned randomly
in the sub-plots.

Data recorded:
A - Plant growth: random samples of five plants were
taken at 45 days after sowing from each plot to measure
plant growth parameters i.e. plant height, number of
leaves as well as fresh and dry weights of plant.

B-Green pods yield:Pickings were carried out to harvest
green pods that reached its marketing stage (as ton / fed).
Total of 4 pickings were carried out.

C-Pod quality: At the second picking, a random sample
of 100 pods from each experimental unit was used to
measure pod length (cm), and diameter (mm).

Chemical analysis of bean leaves was carried out
after harvest to determine mineral contents (N, P, and K).
The plant materials were dried in an oven at 70 °C until a
constant mass was reached and then they were grounded
for chemical analysis. Total nitrogen was determined
using the micro-Kjeldahl method[17]. P was determined
spectrophotometricallyaccording to Troug and Meyer[18].
K content was determined using an atomic adsorption
spectrophotometer[19]. Ca and Mg were determined using
PU 9100 atomic absorption spectrophotometer[20].

The obtained data were statistically analyzed by the
method described by Gomez and Gomez[21].

RESULTS AND DISCUSSIONS

Individual effects of irrigation level and compost
application rate: Vegetativegrowth of green bean plants
i.e plant height, number of leaves; and fresh and dry
weights responded positively to individual effects of
irrigation levels and compost application rates (fig. 1).
The rate of response (X coefficient) of each parameter
differed to the same factor. For instance, the rate of
increment in total plant fresh weight in response to
increment in irrigation level was almost triple of those
recorded in number of leaves and plant dry weight.
Similarly, total plant fresh and dry weights recorded the
highest and lowest responses to increment in compost
application rate respectively.

Although number of pods did not show a clear trend
in both seasons, the differences were significant among
the treatments in response to irrigation treatments
(LSD5%= 0.22). It was not possible to find any
correlation between number of pods and irrigation levels
in both seasons.However, the highest irrigation treatment
enhanced this parameter significantly compared to lower
irrigation levels (fig. 2). The same parameter showed a
very clear correlation with the application rates of
compost (fig. 2). The effects of individual factors were
clearer in total pod yield (fig. 2). Positive and strong
correlations between the two factors and total pod yield
were found(R2 > 0.97). Pod quality in termsof lengthand
diameter showed also these positive responses to the
increment in both irrigation level and compost application
rates with exception to pod diameter in response to
irrigation level whichdid not show a constant trend. Pod
diameter increased with increasing irrigation level to
100% Epan then it was reduced when irrigation level was
further increased to 120%.
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Fig. 1: Individual effects of different irrigation levels (percentage of Class A pan) and compost application rates
(m3/fed.) on plant height, number of leaves and fresh and dry weights of green bean plants.

All determined nutrients in this study showed also a
positive correlation to both studied factors (fig 3). Only
Ca and Mg contents showed a fair and no correlations
respectively with the applied irrigation levels.

Effect of interaction: The interactive effects of both
irrigation level and compost application rate on different

plant growth parameters showed that these effects were
cumulative (Table 2). Different vegetative growth
parameters i.e plant height and number of leaves were
enhanced as the two factors increased. This cumulative
effect was clearer on both fresh and dry weights of the
plant. However, the same effect was not clear with yield
except with the treatment of the highest level of irrigation
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Table 2: Interaction and individual effectsof different levels of irrigation(percentage of Class-Apan) and compost application rates on some growth
parameters, yield, pod quality and mineral contents in green beam plants.

Vegetative growth Fruit quality Total P K Ca Mg
Nitrogen (mg/g) (mg/g) (mg/g) (mg/g)

----------------------------------------------------------------------------- --------------------------------- %
Plant leaf fresh dry Number Total Avg. pod Avg. pod

Irrigation Compost rate heights number weight weight of pods yield length (cm) diameter (cm)
% of A-pan (cm) g/plant g/plant g/m2

First season
10 m3/fed. 25.00 11.67 22.33 4.10 10.33 1.67 9.00 0.47 2.17 0.22 1.23 0.50 0.22
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

80% 15 m3/fed. 28.00 13.67 28.00 5.00 14.00 2.53 10.33 0.57 2.77 0.27 1.47 0.80 0.30
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 30.33 15.67 30.33 5.67 15.67 2.80 10.33 0.70 4.07 0.33 1.93 0.87 0.26

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 m3/fed. 30.67 15.00 27.67 6.00 11.33 2.10 10.00 0.50 2.67 0.27 1.40 0.80 0.24
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100% 15 m3/fed. 33.67 16.00 33.33 6.49 12.67 2.53 12.33 0.80 3.17 0.37 1.63 1.80 0.25
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 34.67 18.00 38.33 6.90 15.00 3.33 13.33 0.80 4.97 0.53 2.23 2.77 0.47

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 m3/fed. 30.67 15.00 29.33 7.58 12.33 2.10 10.67 0.43 3.10 0.26 1.57 0.50 0.22
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

120% 15 m3/fed. 36.33 16.00 37.67 8.89 14.33 2.50 12.00 0.53 4.17 0.33 1.83 0.80 0.30
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 38.00 19.00 42.33 10.15 15.67 4.00 12.67 0.73 5.00 0.50 2.17 0.87 0.26

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5% 1.83 0.42 1.59 1.49 0.49 0.17 0.28 0.3 0.24 0.03 0.08 0.19 0.02

Second season
10 m3/fed. 24.33 10.67 20.00 4.00 9.00 1.50 9.33 0.43 2.00 0.21 1.17 0.47 0.21
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

80% 15 m3/fed. 27.67 13.00 27.33 4.27 12.67 2.50 10.00 0.53 2.60 0.26 1.43 0.73 0.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 30.67 16.00 30.00 4.27 15.00 2.70 10.67 0.73 4.00 0.30 1.88 0.80 0.26

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 m3/fed. 30.33 15.33 25.00 5.76 11.00 2.00 10.33 0.53 2.83 0.25 1.37 0.73 0.24
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

100% 15 m3/fed. 33.33 15.67 33.67 5.88 12.33 2.60 11.33 0.83 3.00 0.33 1.60 1.77 0.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 35.00 18.67 38.67 6.04 15.33 2.80 13.00 0.87 5.33 0.53 2.23 2.77 0.48

-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 m3/fed. 30.33 16.33 31.33 7.30 9.00 2.70 11.00 0.37 2.93 0.26 1.87 3.17 0.22
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

120% 15 m3/fed. 36.33 17.00 37.33 8.39 12.67 3.00 12.33 0.53 4.00 0.35 1.87 1.87 0.25
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3/fed. 38.33 18.33 43.67 9.72 15.00 4.20 13.33 0.73 4.83 0.53 2.33 2.83 0.29
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD5% 0.75 0.53 1.39 0.27 0.56 0.15 0.25 0.04 0.26 0.04 0.08 0.16 0.02
irrigation level

80% 27.78 13.67 26.89 4.92 13.33 2.33 9.89 0.58 3.00 0.27 1.54 0.72 0.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1st season 100% 33.00 16.33 33.11 6.46 13.00 2.66 11.89 0.70 3.60 0.39 1.76 1.79 0.32
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
120% 35.00 16.67 36.44 8.87 14.11 2.87 11.78 0.57 4.09 0.36 1.86 0.72 0.26
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD5% 1.70 0.44 1.49 0.85 0.20 0.09 0.40 0.03 0.10 0.02 0.06 0.22 0.01
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

80% 27.56 13.22 25.78 4.18 12.22 2.23 10.00 0.57 2.87 0.26 1.49 0.67 0.24
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2nd season 100% 32.89 16.56 32.44 5.89 12.89 2.47 11.56 0.74 3.72 0.37 1.73 1.76 0.33
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
120% 35.00 17.22 37.44 8.47 12.22 3.30 12.22 0.54 3.92 0.38 2.02 2.62 0.25
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD5% 1.35 0.60 2.06 1.31 0.32 0.20 0.38 0.04 0.20 0.02 0.09 0.34 0.02
comopst rate

10 m3 28.78 13.89 26.44 5.89 11.33 1.96 9.89 0.47 2.64 0.25 1.40 0.60 0.22
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

1st season 15 m3 32.67 15.22 33.00 6.79 13.67 2.52 11.56 0.63 3.37 0.32 1.64 1.13 0.29
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3 34.33 17.56 37.00 7.57 15.44 3.38 12.11 0.74 4.68 0.46 2.11 1.50 0.33
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD5% 3.40 2.68 7.80 N.S. 2.42 1.13 1.83 0.23 0.98 0.15 0.26 0.70 N.S.
-----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 m3 28.33 14.11 25.44 5.69 9.67 2.07 10.22 0.44 2.59 0.24 1.47 1.46 0.22
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2nd season 15 m3 32.44 15.22 32.78 6.18 12.56 2.70 11.22 0.63 3.20 0.32 1.63 1.46 0.25
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 m3 34.67 17.67 37.44 6.67 15.11 3.23 12.33 0.78 4.72 0.46 2.15 2.13 0.34
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

LSD5% 3.5 2.7 4.22 N.S. 2.42 1.1 1.32 0.21 1.34 0.2 0.39 N.S. N.S.

and compost application rate. On the other hand
number of pods, pod length and diameter did not
show this trend. Mineral contents of N, P, K, Ca and
Mg also did not show a constant trend to the
interactive effect.

The principal of limiting factor for farmers in arid
and semi arid regions is water. Irrigation water
managementaims to provide sufficient water to replenish
depleted soil water in time to avoid physiological water
stress in growing plants. Moisture management in green
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Fig. 2: Individual effects of different irrigation levels (percentage of Class A pan) and compost application rates
(m3/fed.) on yield and some pod quality of green bean plants.

beans is extremely important at all stages of plant
development due to its influence on stand establishment,
fungal problems and pod set and quality[22]. The high
irrigation treatments used in this study increased plant
growth (plant height, number of leaves) compared to
lower irrigation rates[5,9,12,23-27]. The increment in number

of leaves must have led to an increment in leaf area hence
higher intercepted light and photosynthesis. Also
increasing irrigation rate may increase water availability
in the root zone resulting in improving plant water status
andbetter stomatal conductance whicheventually reflects
on photoassimilate production. These effects are
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Fig. 3: Individual effects of different irrigation levels (percentage of Class A pan) and compost application rates
(m3/fed.) on some mineral contents in green bean plants.

translated in terms of total fresh and dry weights of the
plant which showed a positive response to increasing
irrigation level. Similar trend was obtained with yield
parameters. Plants grown at high irrigation treatments
were reported to produced higher number of green pods

with higher quality compared with irrigation at low
levels[28-33]. Irrigation level of 100% of evapotranspiration
was found to produce 90-95% of maximum yield[34,35].
The observed inconsistent trend of pod diameter in
response to irrigation level can be explained on the basis
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that soil water level had no consistent effect on pod
quality characteristics[36].

The positive effects of compost on plant growth and
yield were observed in this study and have been reported
earlier with faba bean[37] and common bean[38]. These
positive effects were explained on the basis that the
addition of compost improves soil chemical (increased
total N, total C and CEC), physical (decreased particle
density) and biological (increased soil respiration rate)
properties[37]. The positive responses of green beangrown
in the new reclaimed lands to compost applications are
believed to be primarily a reaction to the nutrients
contained in this compost. Furthermore, the ability of
compost to preserve nutrients added through fertilization
from leaching away by irrigation water can not be less
important factor. The results of Smith et al [38] support
these explanations.

As mentioned above the increment in irrigation level
enhances plant growth, however, the application of
compost enhances this effect through improving water
holding capacity of the soil as well as providing nutrients
to the plants. Therefore, the interactive effect of
increasing water regime and compost application rate
showed an effect that can be described as cumulative.

It can be concluded that application of compost to in
newly reclaimed lands not only has a positive effect on
green bean growth and production but also enhances the
positive effect of different applied water regimes.
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